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Introduction

n Spin-1:

n Spin-1/2:

spin vector

symmetric traceless spin tensor

5

3

Spin-1 hadrons offer unique access to explore novel effects beyond spin-1/2 targets.

—3 independent components

8 independent components

Figure from Phys. Rev. D 62, 114004 (2000).
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Introduction

HERMES collaboration, Phys. Rev. Lett. 95 242001 (2005).

• HERMES experiment: First measurement of tensor polarized structure function b1

n Experiments with deuteron

• Deuteron is the simplest stable spin-1 nucleus (a weakly bound system of a proton and a neutron).

See S. Kumano’s slides, 
Sep. 23, 2:00 pm 

W. Cosyn, Y-B. Dong, S. Kumano, and, M. Sargsian, Phys. Rev. D 95, 074036 (2017)

Understanding the tensor structure of spin-1 deuteron 
is required for learning partonic structure of light nuclei.



4

Introduction

• Upcoming experiments: JLab, Fermilab

Inclusive DIS and SIDIS Proton-deuteron Drell-Yan

Corresponding theoretical study is required!

tensor polarized collinear PDFs and TMD PDFs
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Kinematics and spin states

hadron plane

lepton plane
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n Trento conventions

Virtual photon-target frame

Several commonly used dimensionless variables:

Spin-1 target, e.g. deuteron

xd is scaling variable for the deuteron. xB = 2xd



6

Kinematics and spin states

Spin vector:

Spin tensor:

Basis vectors:
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Cross section in terms of structure functions
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X

Hadronic tensor must satisfy:

Hermiticity:

Gauge invariance:

Parity invariance :

n Decomposition of the hadronic tensor

Polarized lepton beam
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Cross section in terms of structure functions

Hadronic tensor Basis tensors multiplied by scaler functions.

Polarized basis tensors = Polarization dependent (pseudo) scalars × Basic Lorentz tensors

9 basic Lorentz tensors:

<latexit sha1_base64="sx+WmI/5r9S5BG5IYXBmj96ldEU="></latexit>

hSµ⌫
T =

�
TPhPh , TPhq, T qq

 
hSµ⌫
U ,

n
✏T

PhPPhq, ✏T
qPPhq

o
h̃Sµ⌫
U

<latexit sha1_base64="4yxLrTOXNca9jQ4MQGPhegxDKbQ="></latexit>

hAµ⌫
T =

�
TPhPh , TPhq, T qq

 
hAµ⌫
U ,

n
✏T

PhPPhq, ✏T
qPPhq

o
h̃Aµ⌫
U

subscript U, T: target polarization
superscript S, A: symmetric, antisymmetric
Vi:  structure functions

Symmetric part:
23 basis tensors

Antisymmetric part:

16

7

K. b. Chen, W. h. Yang, S. y. Wei, and Z. t. Liang, Phys. Rev. D 94, 034003 (2016).

J. Zhao, Z. Zhang, Z-t. Liang, T. Liu, and Y-j. Zhou, Phys. Rev. D 109, 074017 (2024). 
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Cross section in terms of structure functions

unpolarized

vector polarized

tensor polarized

+

+

SLL

SLT

STT

n General cross section

41

23

18
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Cross section in terms of structure functions

5
Integrating over Ph⊥

4

Inclusive DIS:

Ph⊥ integrated SIDIS:
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Structure functions in terms of partonic functions

n Hadronic tensor up to subleading order in 1/Q

+ + + h.c.
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�,� : quark-quark correlators quark-gluon-quark correlators
<latexit sha1_base64="8S7PkY+lGPXM4/ZFqp5vt5SpPpo=">AAACGnicbVDLSgNBEJz1bXxFPXoZDIIHCbsiKuJB0YPHCCYK2RB6J51kyOyDmV4hLPkOL/6KFw+KeBMv/o2TGCEmFjQUVd10dwWJkoZc98uZmp6ZnZtfWMwtLa+sruXXNyomTrXAsohVrO8CMKhkhGWSpPAu0QhhoPA26Fz0/dt71EbG0Q11E6yF0IpkUwogK9Xznk9SNTDzS23Zq2fnPqikDb09/qtfoiIYcU7q+YJbdAfgk8QbkgIbolTPf/iNWKQhRiQUGFP13IRqGWiSQmEv56cGExAdaGHV0ghCNLVs8FqP71ilwZuxthURH6ijExmExnTDwHaGQG0z7vXF/7xqSs3jWiajJCWMxM+iZqo4xbyfE29IjYJU1xIQWtpbuWiDBkE2zZwNwRt/eZJU9oveYfHw+qBwdjqMY4FtsW22yzx2xM7YFSuxMhPsgT2xF/bqPDrPzpvz/tM65QxnNtkfOJ/fSQ2how==</latexit>

�̃A↵, �̃A↵ :

(a) (b) (c)
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Structure functions in terms of partonic functions

n Quark-quark correlators

A. Bacchetta and P. J. Mulders, Phys. Rev. D 62, 114004 (2000).

S. Kumano and Q. T. Song, Phys. Rev. D 103, 014025 (2021).

quark-quark distribution correlator:

twist-2 

twist-3

10

20



Quark Polarization
Unpolarized Longitudinally 

Polarized
Transversely 

Polarized

H
ad

ro
n 

Po
la

ri
za

ti
on

U

L

T

LL

LT

TT
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Structure functions in terms of partonic functions

n Spin-1 TMD PDFs

A. Bacchetta and P. J. Mulders, Phys. Rev. D 62, 114004 (2000).

S. Kumano and Q. T. Song, Phys. Rev. D 103, 014025 (2021).

twist-2 twist-3

twist-4

Quark Polarization
Unpolarized Longitudinally 

Polarized
Transversely 

Polarized

H
ad

ro
n 

Po
la

ri
za

ti
on

U

L

T

LL

LT

TT

<latexit sha1_base64="W3jkeaCupiupUGcLOgUxqLdvE4U=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4kJKIVI8FLx4r9AuaWjbbSbt0kyy7G6GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvkIJr47rfztr6xubWdmGnuLu3f3BYOjpu6SRVDJssEYnqBFSj4DE2DTcCO1IhjQKB7WB8N/PbT6g0T+KGmUjsRXQY85Azaqzkh/3Ma0wffYlK9ktlt+LOQVaJl5My5Kj3S1/+IGFphLFhgmrd9VxpehlVhjOB06KfapSUjekQu5bGNELdy+Y3T8m5VQYkTJSt2JC5+nsio5HWkyiwnRE1I73szcT/vG5qwttexmOZGozZYlGYCmISMguADLhCZsTEEsoUt7cSNqKKMmNjKtoQvOWXV0nrquJVK9WH63LtMo+jAKdwBhfgwQ3U4B7q0AQGEp7hFd6c1Hlx3p2PReuak8+cwB84nz/8SpGa</latexit>

f?
1T

<latexit sha1_base64="rxMgl3Z/d7vxy83yfjLVcv+tR6U=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4kJKIVI8FLx4rmLbQhrLZTtqlm03Y3Qgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSq4Nq777aytb2xubZd2yrt7+weHlaPjlk4yxdBniUhUJ6QaBZfoG24EdlKFNA4FtsPx3cxvP6HSPJGPZpJiENOh5BFn1FjJj/q5N+1Xqm7NnYOsEq8gVSjQ7Fe+eoOEZTFKwwTVuuu5qQlyqgxnAqflXqYxpWxMh9i1VNIYdZDPj52Sc6sMSJQoW9KQufp7Iqex1pM4tJ0xNSO97M3E/7xuZqLbIOcyzQxKtlgUZYKYhMw+JwOukBkxsYQyxe2thI2ooszYfMo2BG/55VXSuqp59Vr94brauCziKMEpnMEFeHADDbiHJvjAgMMzvMKbI50X5935WLSuOcXMCfyB8/kDsaqOjw==</latexit>

f1
<latexit sha1_base64="+VLja13w6g5k5qPr0YaTHoQ0y9k=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBg5Rdkeqx4MVjBfsB7VqyabYNzSYhyQpl6c/w4kERr/4ab/4b03YP2vpg4PHeDDPzIsWZsb7/7RXW1jc2t4rbpZ3dvf2D8uFRy8hUE9okkkvdibChnAnatMxy2lGa4iTitB2Nb2d++4lqw6R4sBNFwwQPBYsZwdZJ3VE/C6aPPUW16pcrftWfA62SICcVyNHol796A0nShApLODamG/jKhhnWlhFOp6VeaqjCZIyHtOuowAk1YTY/eYrOnDJAsdSuhEVz9fdEhhNjJknkOhNsR2bZm4n/ed3UxjdhxoRKLRVksShOObISzf5HA6YpsXziCCaauVsRGWGNiXUplVwIwfLLq6R1WQ1q1dr9VaV+kcdRhBM4hXMI4BrqcAcNaAIBCc/wCm+e9V68d+9j0Vrw8plj+APv8wdXYZE+</latexit>

h?
1

<latexit sha1_base64="CZAPnEi8uain6Ieb4D043ZyUb3w=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8SNgViR4DXjx4iGAekCxhdjKbjJnHMjMrhCX/4MWDIl79H2/+jZNkD5pY0FBUddPdFSWcGev7397K6tr6xmZhq7i9s7u3Xzo4bBqVakIbRHGl2xE2lDNJG5ZZTtuJplhEnLai0c3Ubz1RbZiSD3ac0FDggWQxI9g6qTnoZcHdpFcq+xV/BrRMgpyUIUe9V/rq9hVJBZWWcGxMJ/ATG2ZYW0Y4nRS7qaEJJiM8oB1HJRbUhNns2gk6dUofxUq7khbN1N8TGRbGjEXkOgW2Q7PoTcX/vE5q4+swYzJJLZVkvihOObIKTV9HfaYpsXzsCCaauVsRGWKNiXUBFV0IweLLy6R5UQmqler9Zbl2nsdRgGM4gTMI4ApqcAt1aACBR3iGV3jzlPfivXsf89YVL585gj/wPn8ATRuO5g==</latexit>g1L
<latexit sha1_base64="wJJVlmNU1HqcvrxWmQ5fbT6h//U=">AAAB83icbVA9SwNBEJ3zM8avqKXNYRAsJNyJRMuAjYVFBPMBuRj2NnPJkr29ZXdPCEf+ho2FIrb+GTv/jZvkCk18MPB4b4aZeaHkTBvP+3ZWVtfWNzYLW8Xtnd29/dLBYVMnqaLYoAlPVDskGjkT2DDMcGxLhSQOObbC0c3Ubz2h0iwRD2YssRuTgWARo8RYKRj2Mv9u8hhIVLJXKnsVbwZ3mfg5KUOOeq/0FfQTmsYoDOVE647vSdPNiDKMcpwUg1SjJHREBtixVJAYdTeb3TxxT63Sd6NE2RLGnam/JzISaz2OQ9sZEzPUi95U/M/rpCa67mZMyNSgoPNFUcpdk7jTANw+U0gNH1tCqGL2VpcOiSLU2JiKNgR/8eVl0ryo+NVK9f6yXDvP4yjAMZzAGfhwBTW4hTo0gIKEZ3iFNyd1Xpx352PeuuLkM0fwB87nD/MQkZQ=</latexit>

h?
1L

<latexit sha1_base64="MLcD5jnF9yYrSHxS42RmjlfcA1Q=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgopREpLosuHFZoS9oYphMJ+3QyWSYmQgh1F9x40IRt36IO//GaZuFth64cDjnXu69JxSMKu0431ZpY3Nre6e8W9nbPzg8so9PeipJJSZdnLBEDkKkCKOcdDXVjAyEJCgOGemH09u5338kUtGEd3QmiB+jMacRxUgbKbCrk8Cte3U4CXK3M3vwBJEisGtOw1kArhO3IDVQoB3YX94owWlMuMYMKTV0HaH9HElNMSOzipcqIhCeojEZGspRTJSfL46fwXOjjGCUSFNcw4X6eyJHsVJZHJrOGOmJWvXm4n/eMNXRjZ9TLlJNOF4uilIGdQLnScARlQRrlhmCsKTmVognSCKsTV4VE4K7+vI66V023GajeX9Va9WLOMrgFJyBC+CCa9ACd6ANugCDDDyDV/BmPVkv1rv1sWwtWcVMFfyB9fkDUBuT3w==</latexit>

h1, h
?
1T

<latexit sha1_base64="0cvkhBOHe4x0NRZtF/aiYb8F/WY=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8SNkVqR4LXjxW6Be0S8mm2TY2myxJVihL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJoIb63nfaG19Y3Nru7BT3N3bPzgsHR23jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx3cxvPzFtuJINO0lYEJOh5BGnxDqpNexnfmPaL5W9ijcHXiV+TsqQo94vffUGiqYxk5YKYkzX9xIbZERbTgWbFnupYQmhYzJkXUcliZkJsvm1U3zulAGOlHYlLZ6rvycyEhsziUPXGRM7MsveTPzP66Y2ug0yLpPUMkkXi6JUYKvw7HU84JpRKyaOEKq5uxXTEdGEWhdQ0YXgL7+8SlpXFb9aqT5cl2uXeRwFOIUzuAAfbqAG91CHJlB4hGd4hTek0At6Rx+L1jWUz5zAH6DPH1lDju4=</latexit>g1T
<latexit sha1_base64="krq2qVquYCduerww8PcLv7CWqBE=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgIeFOJFoGbCxSRDAmkBxhb7OXLNnbO3bnhHDkR9hYKGLr77Hz37hJrtDEBwOP92aYmRckUhh03W+nsLa+sblV3C7t7O7tH5QPjx5NnGrGWyyWse4E1HApFG+hQMk7ieY0CiRvB+Pbmd9+4tqIWD3gJOF+RIdKhIJRtFI77GdeozHtlytu1Z2DrBIvJxXI0eyXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a6miETd+Nj93Ss6sMiBhrG0pJHP190RGI2MmUWA7I4ojs+zNxP+8borhjZ8JlaTIFVssClNJMCaz38lAaM5QTiyhTAt7K2EjqilDm1DJhuAtv7xKHi+rXq1au7+q1C/yOIpwAqdwDh5cQx3uoAktYDCGZ3iFNydxXpx352PRWnDymWP4A+fzB+W5jzs=</latexit>

f1LL

<latexit sha1_base64="c5u5Zr9XTtr3BfWVb1B8hZm5LWI=">AAAB9HicbVA9SwNBEJ2LXzF+RS1tFoNgIeFOJFoGbCxSRDAfkJxhb7OXLNnbW3f3AuHI77CxUMTWH2Pnv3GTXKGJDwYe780wMy+QnGnjut9Obm19Y3Mrv13Y2d3bPygeHjV1nChCGyTmsWoHWFPOBG0YZjhtS0VxFHDaCka3M781pkqzWDyYiaR+hAeChYxgYyV/2Eu9Wm362JVUyV6x5JbdOdAq8TJSggz1XvGr249JElFhCMdadzxXGj/FyjDC6bTQTTSVmIzwgHYsFTii2k/nR0/RmVX6KIyVLWHQXP09keJI60kU2M4Im6Fe9mbif14nMeGNnzIhE0MFWSwKE45MjGYJoD5TlBg+sQQTxeytiAyxwsTYnAo2BG/55VXSvCx7lXLl/qpUvcjiyMMJnMI5eHANVbiDOjSAwBM8wyu8OWPnxXl3PhatOSebOYY/cD5/AI8ckeo=</latexit>

h?
1LL

<latexit sha1_base64="ljQI5XTSIgy6cvnBxvVboMwBcEw=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgIeFOJFoGbCwsIiQmkBxhb7OXLNnbO3bnhHDkR9hYKGLr77Hz37hJrtDEBwOP92aYmRckUhh03W+nsLa+sblV3C7t7O7tH5QPjx5NnGrGWyyWse4E1HApFG+hQMk7ieY0CiRvB+Pbmd9+4tqIWDVxknA/okMlQsEoWqkd9jPvvjntlytu1Z2DrBIvJxXI0eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a6miETd+Nj93Ss6sMiBhrG0pJHP190RGI2MmUWA7I4ojs+zNxP+8borhjZ8JlaTIFVssClNJMCaz38lAaM5QTiyhTAt7K2EjqilDm1DJhuAtv7xKHi+rXq1ae7iq1C/yOIpwAqdwDh5cQx3uoAEtYDCGZ3iFNydxXpx352PRWnDymWP4A+fzB/Hhj0M=</latexit>

f1LT
<latexit sha1_base64="ij9Lw+rN5UIJVfdWZHoGTRR7C2Y=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REpHosePFYoV/QhrLZbtqlm03YnQgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M/9zhPXRsSqidOE+xEdKREKRtFKnXCQec3mbFCuuFV3AbJOvJxUIEdjUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni3Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophnd+JlSSIldsuShMJcGYzH8nQ6E5Qzm1hDIt7K2EjammDG1CJRuCt/ryOmlfV71atfZ4U6lf5XEU4QzO4RI8uIU6PEADWsBgAs/wCm9O4rw4787HsrXg5DOn8AfO5w/+EY9L</latexit>

f1TT
<latexit sha1_base64="s7uyB6pjvtSMreXiA/+qpOCj2sY=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REpHosePFYoV/QhrLZbtqlm03YnQgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M/9zhPXRsSqidOE+xEdKREKRtFKndEg85rN2aBccavuAmSdeDmpQI7GoPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFuTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDO/8TKgkRa7YclGYSoIxmf9OhkJzhnJqCWVa2FsJG1NNGdqESjYEb/XlddK+rnq1au3xplK/yuMowhmcwyV4cAt1eIAGtIDBBJ7hFd6cxHlx3p2PZWvByWdO4Q+czx//m49M</latexit>g1TT

<latexit sha1_base64="9pOn/pTDDq2dyvzb8j+Zm0zG9BA=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgIeFOJFoGbCwsIiQmkBxhbzOXLNnbO3b3hHDkR9hYKGLr77Hz37hJrtDEBwOP92aYmRckgmvjut9OYW19Y3OruF3a2d3bPygfHj3qOFUMWywWseoEVKPgEluGG4GdRCGNAoHtYHw789tPqDSPZdNMEvQjOpQ85IwaK7WH/cy7b0775Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n83On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwxs+4TFKDki0WhakgJiaz38mAK2RGTCyhTHF7K2EjqigzNqGSDcFbfnmVPF5WvVq19nBVqV/kcRThBE7hHDy4hjrcQQNawGAMz/AKb07ivDjvzseiteDkM8fwB87nD/Nrj0Q=</latexit>g1LT

<latexit sha1_base64="CDtDg2e0/6jM8KfCEyn8HVwd8Ec=">AAACAXicbZDLSgMxFIYz9VbrbdSN4CZYBBelzIhUlwU3LlxU6A0645BJM21oJhOSjFCGuvFV3LhQxK1v4c63MW1noa0/BD7+cw4n5w8Fo0o7zrdVWFldW98obpa2tnd29+z9g7ZKUolJCycskd0QKcIoJy1NNSNdIQmKQ0Y64eh6Wu88EKlowpt6LIgfowGnEcVIGyuwj4ZB5t42JxWvAnO89wSRIrDLTtWZCS6Dm0MZ5GoE9pfXT3AaE64xQ0r1XEdoP0NSU8zIpOSligiER2hAegY5ionys9kFE3hqnD6MEmke13Dm/p7IUKzUOA5NZ4z0UC3WpuZ/tV6qoys/o1ykmnA8XxSlDOoETuOAfSoJ1mxsAGFJzV8hHiKJsDahlUwI7uLJy9A+r7q1au3uolyv5HEUwTE4AWfABZegDm5AA7QABo/gGbyCN+vJerHerY95a8HKZw7BH1mfPw78lfU=</latexit>

h1LT , h
?
1LT

<latexit sha1_base64="SIZ8VyaLBDQP2yXO5cbhH8X4its=">AAACAXicbZDLSsNAFIYnXmu9Rd0IbgaL4KKURKS6LLhxWaE3aGOYTE/aoZNJmJkIJdSNr+LGhSJufQt3vo3TNgtt/WHg4z/ncOb8QcKZ0o7zba2srq1vbBa2its7u3v79sFhS8WppNCkMY9lJyAKOBPQ1Exz6CQSSBRwaAejm2m9/QBSsVg09DgBLyIDwUJGiTaWbx8P/cxtNCblXhnneN9LQCa+XXIqzkx4GdwcSihX3be/ev2YphEITTlRqus6ifYyIjWjHCbFXqogIXREBtA1KEgEystmF0zwmXH6OIyleULjmft7IiORUuMoMJ0R0UO1WJua/9W6qQ6vvYyJJNUg6HxRmHKsYzyNA/eZBKr52AChkpm/YjokklBtQiuaENzFk5ehdVFxq5Xq3WWpVs7jKKATdIrOkYuuUA3dojpqIooe0TN6RW/Wk/VivVsf89YVK585Qn9kff4AKBSWBQ==</latexit>

h1TT , h
?
1TT

<latexit sha1_base64="V8j+S5IV/Il9m58+W+g07ivEN4U=">AAACGXicbZDLSgMxFIYz9VbrbdSlm2ARuihlRqS6LLhx4aJCb9DWkknPtKGZmZBkhDL0Ndz4Km5cKOJSV76NmbZIbT0Q+PL/55Cc3xOcKe0431ZmbX1jcyu7ndvZ3ds/sA+PGiqKJYU6jXgkWx5RwFkIdc00h5aQQAKPQ9MbXad+8wGkYlFY02MB3YAMQuYzSrSRerbj95Lb2qTYKeIZ3XcESJHe4deBBadn552SMy28Cu4c8mhe1Z792elHNA4g1JQTpdquI3Q3IVIzymGS68QKBKEjMoC2wZAEoLrJdLMJPjNKH/uRNCfUeKouTiQkUGoceKYzIHqolr1U/M9rx9q/6iYsFLGGkM4e8mOOdYTTmHCfSaCajw0QKpn5K6ZDIgnVJsycCcFdXnkVGuclt1wq313kK4V5HFl0gk5RAbnoElXQDaqiOqLoET2jV/RmPVkv1rv1MWvNWPOZY/SnrK8feGufTA==</latexit>

fLT , f
?
LT , eLT , e

?
LT

<latexit sha1_base64="vo/7RRDNSSdwLyDm/eiqkTUDeaw=">AAACGXicbZDLSgMxFIYzXmu9jbp0EyxCF6XMiFSXBTcuK/QGnTpk0jNtaOZCkhHK0Ndw46u4caGIS135NmbaQWrrgcCX/z+H5PxezJlUlvVtrK1vbG5tF3aKu3v7B4fm0XFbRomg0KIRj0TXIxI4C6GlmOLQjQWQwOPQ8cY3md95ACFZFDbVJIZ+QIYh8xklSkuuaflu2mxOK04Fz+neiUHE2R1+HVhwXLNkVa1Z4VWwcyihvBqu+ekMIpoEECrKiZQ924pVPyVCMcphWnQSCTGhYzKEnsaQBCD76WyzKT7XygD7kdAnVHimLk6kJJByEni6MyBqJJe9TPzP6yXKv+6nLIwTBSGdP+QnHKsIZzHhARNAFZ9oIFQw/VdMR0QQqnSYRR2CvbzyKrQvqnatWru7LNXLeRwFdIrOUBnZ6ArV0S1qoBai6BE9o1f0ZjwZL8a78TFvXTPymRP0p4yvH6wrn2w=</latexit>

fTT , f
?
TT , eTT , e

?
TT

<latexit sha1_base64="tQAgVRReip8nwJSwcXH1UxtnQGg=">AAACDXicbVDLSgMxFM3UV62vUZduglXoopQZkeqy4MZlhT6Edhwy6Z02NPMgyQhl6A+48VfcuFDErXt3/o2ZdgRtPRBycs693NzjxZxJZVlfRmFldW19o7hZ2tre2d0z9w86MkoEhTaNeCRuPSKBsxDaiikOt7EAEngcut74KvO79yAki8KWmsTgBGQYMp9RorTkmie+26r2q1hfd/0YRJw9YK7Bj+aaZatmzYCXiZ2TMsrRdM3P/iCiSQChopxI2bOtWDkpEYpRDtNSP5EQEzomQ+hpGpIApJPOtpniU60MsB8JfUKFZ+rvjpQEUk4CT1cGRI3kopeJ/3m9RPmXTsrCOFEQ0vkgP+FYRTiLBg+YAKr4RBNCBdN/xXREBKFKB1jSIdiLKy+TzlnNrtfqN+flRiWPo4iO0DGqIBtdoAa6Rk3URhQ9oCf0gl6NR+PZeDPe56UFI+85RH9gfHwDTi6ZxA==</latexit>

fT , f
?
T , eT , e

?
T

<latexit sha1_base64="VLD+ep/B22/6eqx+vp1Ay8wIvmI=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvQQym7ItVjwYvHCvYDumvJprNtaDYbkqxQlv4NLx4U8eqf8ea/MW33oK0PBh7vzTAzL5ScaeO6305hY3Nre6e4W9rbPzg8Kh+fdHSSKgptmvBE9UKigTMBbcMMh55UQOKQQzec3M797hMozRLxYKYSgpiMBIsYJcZKfvToS1Cy5tcwDMoVt+4ugNeJl5MKytEalL/8YULTGIShnGjd91xpgowowyiHWclPNUhCJ2QEfUsFiUEH2eLmGb6wyhBHibIlDF6ovycyEms9jUPbGRMz1qveXPzP66cmugkyJmRqQNDloijl2CR4HgAeMgXU8KklhCpmb8V0TBShxsZUsiF4qy+vk85l3WvUG/dXlWY1j6OIztA5qiIPXaMmukMt1EYUSfSMXtGbkzovzrvzsWwtOPnMKfoD5/MHA7CQ8w==</latexit>

f?, e
<latexit sha1_base64="JeE7X2mA82O5fIDvuJXVo6WtwGs=">AAAB+XicbVBNS8NAEN34WetX1KOXxSL0UEoiUj0WvHjooYL9gKaGzXbSLt0ky+6mUEL/iRcPinj1n3jz37htc9DWBwOP92aYmRcIzpR2nG9rY3Nre2e3sFfcPzg8OrZPTtsqSSWFFk14IrsBUcBZDC3NNIeukECigEMnGN/N/c4EpGJJ/KinAvoRGcYsZJRoI/m2HfqNJ0+AFBWvgsFv+HbJqToL4HXi5qSEcjR9+8sbJDSNINaUE6V6riN0PyNSM8phVvRSBYLQMRlCz9CYRKD62eLyGb40ygCHiTQVa7xQf09kJFJqGgWmMyJ6pFa9ufif10t1eNvPWCxSDTFdLgpTjnWC5zHgAZNANZ8aQqhk5lZMR0QSqk1YRROCu/ryOmlfVd1atfZwXaqX8zgK6BxdoDJy0Q2qo3vURC1E0QQ9o1f0ZmXWi/VufSxbN6x85gz9gfX5AyhWkqI=</latexit>

f?
L , eL

<latexit sha1_base64="QCJBW9Yi+FbQTS192uX6PJekXK8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvQU0lEqseCF48V7Ae0sWy2k3bpZrPsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8UHKmjed9O4WNza3tneJuaW//4PCofHzS1kmqKLZowhPVDYlGzgS2DDMcu1IhiUOOnXByO/c7T6g0S8SDmUoMYjISLGKUGCt1Ro99iUoOyhWv5i3grhM/JxXI0RyUv/rDhKYxCkM50brne9IEGVGGUY6zUj/VKAmdkBH2LBUkRh1ki3Nn7oVVhm6UKFvCuAv190RGYq2ncWg7Y2LGetWbi/95vdREN0HGhEwNCrpcFKXcNYk7/90dMoXU8KklhCpmb3XpmChCjU2oZEPwV19eJ+3Lml+v1e+vKo1qHkcRzuAcquDDNTTgDprQAgoTeIZXeHOk8+K8Ox/L1oKTz5zCHzifP2F2j4k=</latexit>

g?

<latexit sha1_base64="b+ufxwufYQYQf/r7oy4z+9oO4zU=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahp7IrUj0WvHjwUMF+SLuWbJptQ5NsSLJCKf0VXjwo4tWf481/Y9ruQVsfDDzem2FmXqQ4M9b3v73c2vrG5lZ+u7Czu7d/UDw8apok1YQ2SMIT3Y6woZxJ2rDMctpWmmIRcdqKRtczv/VEtWGJvLdjRUOBB5LFjGDrpIdB7/axq6hWvWLJr/hzoFUSZKQEGeq94le3n5BUUGkJx8Z0Al/ZcIK1ZYTTaaGbGqowGeEB7TgqsaAmnMwPnqIzp/RRnGhX0qK5+ntigoUxYxG5ToHt0Cx7M/E/r5Pa+CqcMKlSSyVZLIpTjmyCZt+jPtOUWD52BBPN3K2IDLHGxLqMCi6EYPnlVdI8rwTVSvXuolQrZ3Hk4QROoQwBXEINbqAODSAg4Ble4c3T3ov37n0sWnNeNnMMf+B9/gCzwpBI</latexit>

g?L

<latexit sha1_base64="Do5M2q3YYDN+OCd4HwNGcGmEo/w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSL0VBKR6rHgxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkbu53nlBpHssHM03Qj+hI8pAzaqzUHA9KZbfqLkDWiZeTMuRoDEpf/WHM0gilYYJq3fPcxPgZVYYzgbNiP9WYUDahI+xZKmmE2s8Wh87IpVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNkUbgrf68jppX1W9WrXWvC7XK3kcBTiHC6iABzdQh3toQAsYIDzDK7w5j86L8+58LFs3nHzmDP7A+fwBybmM3Q==</latexit>

h
<latexit sha1_base64="eXgzUQghgi+TyJeBG7s1RMgR400=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhBShTuRaBmwsbCIaD4gOcLeZi5Zsrd37O4J4chPsLFQxNZfZOe/cZNcoYkPBh7vzTAzL0gE18Z1v5219Y3Nre3CTnF3b//gsHR03NJxqhg2WSxi1QmoRsElNg03AjuJQhoFAtvB+Gbmt59QaR7LRzNJ0I/oUPKQM2qs9DDq3/VLZbfqzkFWiZeTMuRo9EtfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mp07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeG1n3GZpAYlWywKU0FMTGZ/kwFXyIyYWEKZ4vZWwkZUUWZsOkUbgrf88ippXVS9WrV2f1muV/I4CnAKZ1ABD66gDrfQgCYwGMIzvMKbI5wX5935WLSuOfnMCfyB8/kDF/yNnA==</latexit>

hL
<latexit sha1_base64="qJEyTR8opM2ySDpwIJ1CqnRwXJU=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovQRSmJSHVZcOOyQl/QxDCZTtuhk2SYmRRK6J+4caGIW//EnX/jtM1CWw9c7uGce5k7JxScKe0431Zha3tnd6+4Xzo4PDo+sU/POipJJaFtkvBE9kKsKGcxbWumOe0JSXEUctoNJ/cLvzulUrEkbumZoH6ERzEbMoK1kQLbHgWtqldFpj15gkoR2GWn5iyBNombkzLkaAb2lzdISBrRWBOOleq7jtB+hqVmhNN5yUsVFZhM8Ij2DY1xRJWfLS+foyujDNAwkaZijZbq740MR0rNotBMRliP1bq3EP/z+qke3vkZi0WqaUxWDw1TjnSCFjGgAZOUaD4zBBPJzK2IjLHERJuwSiYEd/3Lm6RzXXPrtfrjTblRyeMowgVcQgVcuIUGPEAT2kBgCs/wCm9WZr1Y79bHarRg5Tvn8AfW5w9AGpK1</latexit>

gT , g
?
T

<latexit sha1_base64="JXd+aQ2vu8HKp1EcO3JTnBy2i4Q=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0XoopREpLosuHFZoS9oYphMb9uhk2SYmRRK6J+4caGIW//EnX/jtM1CWw9c7uGce5k7JxScKe0431Zha3tnd6+4Xzo4PDo+sU/POipJJYU2TXgieyFRwFkMbc00h56QQKKQQzec3C/87hSkYknc0jMBfkRGMRsySrSRAtseB62qV8WmPXkCpAjsslNzlsCbxM1JGeVoBvaXN0hoGkGsKSdK9V1HaD8jUjPKYV7yUgWC0AkZQd/QmESg/Gx5+RxfGWWAh4k0FWu8VH9vZCRSahaFZjIieqzWvYX4n9dP9fDOz1gsUg0xXT00TDnWCV7EgAdMAtV8ZgihkplbMR0TSag2YZVMCO76lzdJ57rm1mv1x5tyo5LHUUQX6BJVkItuUQM9oCZqI4qm6Bm9ojcrs16sd+tjNVqw8p1z9AfW5w9DOZK3</latexit>

hT , h
?
T

<latexit sha1_base64="uDliSdr+PrkpGsVKBh6ZvEexwCI=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxCF6UkItVlwY2LLirYBzSxTKY37dDJg5mJUGIX/oobF4q49Tfc+TdO0yy09cCFM+fcy9x7vJgzqSzr21hZXVvf2CxsFbd3dvf2zYPDtowSQaFFIx6JrkckcBZCSzHFoRsLIIHHoeONr2d+5wGEZFF4pyYxuAEZhsxnlCgt9c1jv582GtN7JwYRV5wKhuzdN0tW1cqAl4mdkxLK0eybX84gokkAoaKcSNmzrVi5KRGKUQ7TopNIiAkdkyH0NA1JANJNs/2n+EwrA+xHQleocKb+nkhJIOUk8HRnQNRILnoz8T+vlyj/yk1ZGCcKQjr/yE84VhGehYEHTABVfKIJoYLpXTEdEUGo0pEVdQj24snLpH1etWvV2u1FqV7O4yigE3SKyshGl6iOblATtRBFj+gZvaI348l4Md6Nj3nripHPHKE/MD5/AAgslWY=</latexit>

f?
LL, eLL

<latexit sha1_base64="nCLqfvPeeEJQzH1jMxLSt3HMOFA=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoOQKtyJRMuAjUWKCOYDcmfY2+wlS/b2lt09IRz5GzYWitj6Z+z8N26SKzTxwcDjvRlm5oWSM21c99spbGxube8Ud0t7+weHR+Xjk45OUkVomyQ8Ub0Qa8qZoG3DDKc9qSiOQ0674eR27nefqNIsEQ9mKmkQ45FgESPYWMkfDbJmc/boS6rkoFxxa+4CaJ14OalAjtag/OUPE5LGVBjCsdZ9z5UmyLAyjHA6K/mpphKTCR7RvqUCx1QH2eLmGbqwyhBFibIlDFqovycyHGs9jUPbGWMz1qveXPzP66cmugkyJmRqqCDLRVHKkUnQPAA0ZIoSw6eWYKKYvRWRMVaYGBtTyYbgrb68TjqXNa9eq99fVRrVPI4inME5VMGDa2jAHbSgDQQkPMMrvDmp8+K8Ox/L1oKTz5zCHzifPxogkao=</latexit>

g?LL

<latexit sha1_base64="mMlaGPUzh7iQtLxwUMEQDA30yE8=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tFoOQKtyJRMuAjUWKCOYDkiPsbfaSNXu7x+6eEI78BxsLRWz9P3b+G/eSKzTxwcDjvRlm5gUxZ9q47rdT2Njc2t4p7pb29g8Oj8rHJx0tE0Vom0guVS/AmnImaNsww2kvVhRHAafdYHqb+d0nqjST4sHMYupHeCxYyAg2VupMhmmzOR+WK27NXQCtEy8nFcjRGpa/BiNJkogKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+pQJHVPvp4to5urDKCIVS2RIGLdTfEymOtJ5Fge2MsJnoVS8T//P6iQlv/JSJODFUkOWiMOHISJS9jkZMUWL4zBJMFLO3IjLBChNjAyrZELzVl9dJ57Lm1Wv1+6tKo5rHUYQzOIcqeHANDbiDFrSBwCM8wyu8OdJ5cd6dj2VrwclnTuEPnM8fdpKO/g==</latexit>

hLL
<latexit sha1_base64="GHGNAKo3M2EGSesWerZ4SdABbl4=">AAAB/3icbZDLSgMxFIYzXmu9jQpu3ASL0EUpMyLVZcGNCxcVeoPOOGTSTBuayYQkI5SxC1/FjQtF3Poa7nwb03YW2vpD4OM/53BO/lAwqrTjfFsrq2vrG5uFreL2zu7evn1w2FZJKjFp4YQlshsiRRjlpKWpZqQrJEFxyEgnHF1P650HIhVNeFOPBfFjNOA0ohhpYwX28SDIbpuTileBc7r3BJEisEtO1ZkJLoObQwnkagT2l9dPcBoTrjFDSvVcR2g/Q1JTzMik6KWKCIRHaEB6BjmKifKz2f0TeGacPowSaR7XcOb+nshQrNQ4Dk1njPRQLdam5n+1XqqjKz+jXKSacDxfFKUM6gROw4B9KgnWbGwAYUnNrRAPkURYm8iKJgR38cvL0D6vurVq7e6iVC/ncRTACTgFZeCCS1AHN6ABWgCDR/AMXsGb9WS9WO/Wx7x1xcpnjsAfWZ8/IGmVeQ==</latexit>

gLT , g
?
LT

<latexit sha1_base64="pdolmzcZkuvBHNagiYdnu5uL6bw=">AAAB/3icbZDLSgMxFIYz9VbrbVRw4yZYhC5KmRGpLgtuXFboDTrjkEkzbWgmE5KMUMYufBU3LhRx62u4821M21lo6w+Bj/+cwzn5Q8Go0o7zbRXW1jc2t4rbpZ3dvf0D+/Coo5JUYtLGCUtkL0SKMMpJW1PNSE9IguKQkW44vpnVuw9EKprwlp4I4sdoyGlEMdLGCuyTYZC1WtOqV4ULuvcEkSKwy07NmQuugptDGeRqBvaXN0hwGhOuMUNK9V1HaD9DUlPMyLTkpYoIhMdoSPoGOYqJ8rP5/VN4bpwBjBJpHtdw7v6eyFCs1CQOTWeM9Egt12bmf7V+qqNrP6NcpJpwvFgUpQzqBM7CgAMqCdZsYgBhSc2tEI+QRFibyEomBHf5y6vQuai59Vr97rLcqORxFMEpOAMV4IIr0AC3oAnaAINH8AxewZv1ZL1Y79bHorVg5TPH4I+szx85eZWJ</latexit>

gTT , g
?
TT

<latexit sha1_base64="kt1T1xB2CnPMN+xl5fu89EqcVQ4=">AAAB/3icbZDLSgMxFIYz9VbrbVRw4yZYhC5KmRGpLgtuXFboDTrjkEkzbWgmE5KMUMYufBU3LhRx62u4821M21lo6w+Bj/+cwzn5Q8Go0o7zbRXW1jc2t4rbpZ3dvf0D+/Coo5JUYtLGCUtkL0SKMMpJW1PNSE9IguKQkW44vpnVuw9EKprwlp4I4sdoyGlEMdLGCuyTUZC1WtOqV4ULuvcEkSKwy07NmQuugptDGeRqBvaXN0hwGhOuMUNK9V1HaD9DUlPMyLTkpYoIhMdoSPoGOYqJ8rP5/VN4bpwBjBJpHtdw7v6eyFCs1CQOTWeM9Egt12bmf7V+qqNrP6NcpJpwvFgUpQzqBM7CgAMqCdZsYgBhSc2tEI+QRFibyEomBHf5y6vQuai59Vr97rLcqORxFMEpOAMV4IIr0AC3oAnaAINH8AxewZv1ZL1Y79bHorVg5TPH4I+szx88oZWL</latexit>

hTT , h
?
TT

<latexit sha1_base64="7KaV4f4fcHz3CiSmhXLgI0MWUN4=">AAAB/3icbZDLSgMxFIYzXmu9jQpu3ASL0EUpMyLVZcGNCxcVeoPOOGTSTBuayYQkI5SxC1/FjQtF3Poa7nwb03YW2vpD4OM/53BO/lAwqrTjfFsrq2vrG5uFreL2zu7evn1w2FZJKjFp4YQlshsiRRjlpKWpZqQrJEFxyEgnHF1P650HIhVNeFOPBfFjNOA0ohhpYwX28TDIbpuTileBc7r3BJEisEtO1ZkJLoObQwnkagT2l9dPcBoTrjFDSvVcR2g/Q1JTzMik6KWKCIRHaEB6BjmKifKz2f0TeGacPowSaR7XcOb+nshQrNQ4Dk1njPRQLdam5n+1XqqjKz+jXKSacDxfFKUM6gROw4B9KgnWbGwAYUnNrRAPkURYm8iKJgR38cvL0D6vurVq7e6iVC/ncRTACTgFZeCCS1AHN6ABWgCDR/AMXsGb9WS9WO/Wx7x1xcpnjsAfWZ8/I5GVew==</latexit>

hLT , h
?
LT
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<latexit sha1_base64="K0jILvj/0jZsC3QDsNQxK8E4C+s=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4kJKoVI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3U791hPXRsTqEccJ9yM6UCIUjKKVHsLeZa9UdivuDGSZeDkpQ456r/TV7ccsjbhCJqkxHc9N0M+oRsEknxS7qeEJZSM64B1LFY248bPZqRNyapU+CWNtSyGZqb8nMhoZM44C2xlRHJpFbyr+53VSDG/8TKgkRa7YfFGYSoIxmf5N+kJzhnJsCWVa2FsJG1JNGdp0ijYEb/HlZdK8qHjVSvX+qlw7z+MowDGcwBl4cA01uIM6NIDBAJ7hFd4c6bw4787HvHXFyWeO4A+czx/wMY2F</latexit>

f3
<latexit sha1_base64="tkIS9aCUeKTjvs4loCXc8oq9mF0=">AAAB8HicbVBNSwMxEM3Wr1q/qh69BIvgQcquSvVY8OKxgv2Qdi3ZdNqGJtmQZIWy9Fd48aCIV3+ON/+NabsHbX0w8Hhvhpl5keLMWN//9nIrq2vrG/nNwtb2zu5ecf+gYeJEU6jTmMe6FREDnEmoW2Y5tJQGIiIOzWh0M/WbT6ANi+W9HSsIBRlI1meUWCc9DLsXjx0FWnWLJb/sz4CXSZCREspQ6xa/Or2YJgKkpZwY0w58ZcOUaMsoh0mhkxhQhI7IANqOSiLAhOns4Ak+cUoP92PtSlo8U39PpEQYMxaR6xTEDs2iNxX/89qJ7V+HKZMqsSDpfFE/4djGePo97jEN1PKxI4Rq5m7FdEg0odZlVHAhBIsvL5PGeTmolCt3l6XqWRZHHh2hY3SKAnSFqugW1VAdUSTQM3pFb572Xrx372PemvOymUP0B97nD5AIkDQ=</latexit>

h?
3

<latexit sha1_base64="CgXNBEmjzyCWFyEQbNjScxz8K54=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tFoNgIeFOJVoGbCwsIpgPSI6wt9lL1uztHrt7QjjyH2wsFLH1/9j5b9xLrtDEBwOP92aYmRfEnGnjut9OYWV1bX2juFna2t7Z3SvvH7S0TBShTSK5VJ0Aa8qZoE3DDKedWFEcBZy2g/FN5refqNJMigcziakf4aFgISPYWKk17KcXd9N+ueJW3RnQMvFyUoEcjX75qzeQJImoMIRjrbueGxs/xcowwum01Es0jTEZ4yHtWipwRLWfzq6dohOrDFAolS1h0Ez9PZHiSOtJFNjOCJuRXvQy8T+vm5jw2k+ZiBNDBZkvChOOjETZ62jAFCWGTyzBRDF7KyIjrDAxNqCSDcFbfHmZtM6rXq1au7+s1M/yOIpwBMdwCh5cQR1uoQFNIPAIz/AKb450Xpx352PeWnDymUP4A+fzB1Anjug=</latexit>g3L
<latexit sha1_base64="acQkauMzv/u7ygKz+ckTlUOVQt0=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgIeFOJVoGbCwsIpgPyJ1hb7OXLNnbW3b3hHDkb9hYKGLrn7Hz37hJrtDEBwOP92aYmRdKzrRx3W+nsLK6tr5R3Cxtbe/s7pX3D1o6SRWhTZLwRHVCrClngjYNM5x2pKI4Djlth6Obqd9+okqzRDyYsaRBjAeCRYxgYyV/2Msu7iaPvqRK9soVt+rOgJaJl5MK5Gj0yl9+PyFpTIUhHGvd9Vxpggwrwwink5KfaioxGeEB7VoqcEx1kM1unqATq/RRlChbwqCZ+nsiw7HW4zi0nTE2Q73oTcX/vG5qousgY0KmhgoyXxSlHJkETQNAfaYoMXxsCSaK2VsRGWKFibExlWwI3uLLy6R1XvVq1dr9ZaV+lsdRhCM4hlPw4ArqcAsNaAIBCc/wCm9O6rw4787HvLXg5DOH8AfO5w/2KJGW</latexit>

h?
3L

<latexit sha1_base64="YYaCwvMCuSV864zAbYZx5h1yI8Q=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgQcquSvVY8OKxQr+gu5ZsOtuGZrMhyQpl6d/w4kERr/4Zb/4b03YP2vpg4PHeDDPzQsmZNq777RTW1jc2t4rbpZ3dvf2D8uFRWyepotCiCU9UNyQaOBPQMsxw6EoFJA45dMLx3czvPIHSLBFNM5EQxGQoWMQoMVbyo3521Zw++hKU7JcrbtWdA68SLycVlKPRL3/5g4SmMQhDOdG657nSBBlRhlEO05KfapCEjskQepYKEoMOsvnNU3xmlQGOEmVLGDxXf09kJNZ6Eoe2MyZmpJe9mfif10tNdBtkTMjUgKCLRVHKsUnwLAA8YAqo4RNLCFXM3orpiChCjY2pZEPwll9eJe3Lqler1h6uK/WLPI4iOkGn6Bx56AbV0T1qoBaiSKJn9IrenNR5cd6dj0VrwclnjtEfOJ8//2KRnA==</latexit>

f?
3T

<latexit sha1_base64="oqPbRIQ2maFJpccRRIO6ernz6Dw=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBg5Rdleqx4MVjhX5Bu5Rsmm1js8mSZIWy9D948aCIV/+PN/+N6XYP2vpg4PHeDDPzgpgzbVz32ymsrW9sbhW3Szu7e/sH5cOjtpaJIrRFJJeqG2BNORO0ZZjhtBsriqOA004wuZv7nSeqNJOiaaYx9SM8EixkBBsrtUeD9Ko5G5QrbtXNgFaJl5MK5GgMyl/9oSRJRIUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SgSOq/TS7dobOrDJEoVS2hEGZ+nsixZHW0yiwnRE2Y73szcX/vF5iwls/ZSJODBVksShMODISzV9HQ6YoMXxqCSaK2VsRGWOFibEBlWwI3vLLq6R9WfVq1drDdaV+kcdRhBM4hXPw4AbqcA8NaAGBR3iGV3hzpPPivDsfi9aCk88cwx84nz9cT47w</latexit>g3T
<latexit sha1_base64="vR66+wjyDWbDn4AZxjmHGDXT9lk=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgIeFOJVoGbCxSRDAfkISwt9lLluztHbtzQjjyI2wsFLH199j5b9wkV2jig4HHezPMzPNjKQy67reTW1vf2NzKbxd2dvf2D4qHR00TJZrxBotkpNs+NVwKxRsoUPJ2rDkNfclb/vhu5reeuDYiUo84iXkvpEMlAsEoWqkV9NOrWm3aL5bcsjsHWSVeRkqQod4vfnUHEUtCrpBJakzHc2PspVSjYJJPC93E8JiyMR3yjqWKhtz00vm5U3JmlQEJIm1LIZmrvydSGhozCX3bGVIcmWVvJv7ndRIMbnupUHGCXLHFoiCRBCMy+50MhOYM5cQSyrSwtxI2opoytAkVbAje8surpHlZ9irlysN1qXqRxZGHEziFc/DgBqpwD3VoAIMxPMMrvDmx8+K8Ox+L1pyTzRzDHzifP+jHjz0=</latexit>

f3LL
<latexit sha1_base64="abk8FSbp9/jLe/CzyEGj8KsL5KI=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgQcKuSvQY8OLBQ4S8IFnC7GQ2GTI7u8z0CmHJR3jxoIhXv8ebf+PkcdDEgoaiqpvuriCRwqDrfju5tfWNza38dmFnd2//oHh41DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjO6mfuuJayNiVcdxwv2IDpQIBaNopVbYy64e6pNeseSW3RnIKvEWpAQL1HrFr24/ZmnEFTJJjel4boJ+RjUKJvmk0E0NTygb0QHvWKpoxI2fzc6dkDOr9EkYa1sKyUz9PZHRyJhxFNjOiOLQLHtT8T+vk2J462dCJSlyxeaLwlQSjMn0d9IXmjOUY0so08LeStiQasrQJlSwIXjLL6+S5mXZq5Qrj9el6sUijjycwCmcgwc3UIV7qEEDGIzgGV7hzUmcF+fd+Zi35pzFzDH8gfP5A/Tvj0U=</latexit>

f3LT
<latexit sha1_base64="3tzdPfWJN1ZDnJasZTjWZkdN/ao=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REpXosePFYobWFNpTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYW9/Y3Cpul3Z29/YPyodHjyZONeMtFstYdwJquBSKt1Cg5J1EcxoFkreD8d3Mbz9xbUSsmjhJuB/RoRKhYBSt1A772VWzOe2XK27VnYOsEi8nFcjR6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrqaIRN342P3dKzqwyIGGsbSkkc/X3REYjYyZRYDsjiiOz7M3E/7xuiuGtnwmVpMgVWywKU0kwJrPfyUBozlBOLKFMC3srYSOqKUObUMmG4C2/vEoeL6terVp7uK7UL/I4inACp3AOHtxAHe6hAS1gMIZneIU3J3FenHfnY9FacPKZY/gD5/MHAS6PTQ==</latexit>

f3TT

<latexit sha1_base64="MF0Hwf7YLuWvU82r0nDHF9/WQnw=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgIeFOJVoGbCwsIuQLkiPsbTbJkr29Y3dOCEd+hI2FIrb+Hjv/jZvkCk18MPB4b4aZeUEshUHX/XZya+sbm1v57cLO7t7+QfHwqGmiRDPeYJGMdDughkuheAMFSt6ONadhIHkrGN/N/NYT10ZEqo6TmPshHSoxEIyilVrDXnr1UJ/2iiW37M5BVomXkRJkqPWKX91+xJKQK2SSGtPx3Bj9lGoUTPJpoZsYHlM2pkPesVTRkBs/nZ87JWdW6ZNBpG0pJHP190RKQ2MmYWA7Q4ojs+zNxP+8ToKDWz8VKk6QK7ZYNEgkwYjMfid9oTlDObGEMi3srYSNqKYMbUIFG4K3/PIqaV6WvUq58nhdql5kceThBE7hHDy4gSrcQw0awGAMz/AKb07svDjvzseiNedkM8fwB87nD/Z5j0Y=</latexit>g3LT
<latexit sha1_base64="fXr6qScmErMliyXb+v0PWuPweWQ=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REpXosePFYobWFNpTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYW9/Y3Cpul3Z29/YPyodHjyZONeMtFstYdwJquBSKt1Cg5J1EcxoFkreD8d3Mbz9xbUSsmjhJuB/RoRKhYBSt1B72s6tmc9ovV9yqOwdZJV5OKpCj0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXUkUjbvxsfu6UnFllQMJY21JI5urviYxGxkyiwHZGFEdm2ZuJ/3ndFMNbPxMqSZErtlgUppJgTGa/k4HQnKGcWEKZFvZWwkZUU4Y2oZINwVt+eZU8Xla9WrX2cF2pX+RxFOEETuEcPLiBOtxDA1rAYAzP8ApvTuK8OO/Ox6K14OQzx/AHzucPAriPTg==</latexit>g3TT

<latexit sha1_base64="PCyxwG2kXg8I0emc01QPFasuj/8=">AAACAXicbZDLSgMxFIYzXmu9jboR3ASL4KKUGZXqsuDGhYsKvUFnHDJppg3NZEKSEcpQN76KGxeKuPUt3Pk2pu0stPWHwMd/zuHk/KFgVGnH+baWlldW19YLG8XNre2dXXtvv6WSVGLSxAlLZCdEijDKSVNTzUhHSILikJF2OLye1NsPRCqa8IYeCeLHqM9pRDHSxgrsw0GQnd82xmWvDHO89wSRIrBLTsWZCi6Cm0MJ5KoH9pfXS3AaE64xQ0p1XUdoP0NSU8zIuOiligiEh6hPugY5ionys+kFY3hinB6MEmke13Dq/p7IUKzUKA5NZ4z0QM3XJuZ/tW6qoys/o1ykmnA8WxSlDOoETuKAPSoJ1mxkAGFJzV8hHiCJsDahFU0I7vzJi9A6q7jVSvXuolQr53EUwBE4BqfABZegBm5AHTQBBo/gGbyCN+vJerHerY9Z65KVzxyAP7I+fwAVRpX5</latexit>

h3LT , h
?
3LT

<latexit sha1_base64="5QTIRav084q/1q2iXAmaOM6WktE=">AAACAXicbZDLSgMxFIYz9VbrbdSN4CZYBBelzKhUlwU3Liv0Bp1xyKSZNjSTCUlGKEPd+CpuXCji1rdw59uYtrPQ1h8CH/85h5Pzh4JRpR3n2yqsrK6tbxQ3S1vbO7t79v5BWyWpxKSFE5bIbogUYZSTlqaaka6QBMUhI51wdDOtdx6IVDThTT0WxI/RgNOIYqSNFdhHwyC7aDYnFa8Cc7z3BJEisMtO1ZkJLoObQxnkagT2l9dPcBoTrjFDSvVcR2g/Q1JTzMik5KWKCIRHaEB6BjmKifKz2QUTeGqcPowSaR7XcOb+nshQrNQ4Dk1njPRQLdam5n+1Xqqjaz+jXKSacDxfFKUM6gRO44B9KgnWbGwAYUnNXyEeIomwNqGVTAju4snL0D6vurVq7e6yXK/kcRTBMTgBZ8AFV6AObkEDtAAGj+AZvII368l6sd6tj3lrwcpnDsEfWZ8/Ll6WCQ==</latexit>

h3TT , h
?
3TT

<latexit sha1_base64="SI9nANweVjlVUCBM8V6dIYQ9uZY=">AAAB/3icbZDLSgMxFIYz9VbrbVRw4yZYBBelzKhUlwU3Liv0Bp1xyKSZNjSTCUlGKGMXvoobF4q49TXc+Tam7Sy09YfAx3/O4Zz8oWBUacf5tgorq2vrG8XN0tb2zu6evX/QVkkqMWnhhCWyGyJFGOWkpalmpCskQXHISCcc3UzrnQciFU14U48F8WM04DSiGGljBfbRMMgumpOKV4FzuvcEkSKwy07VmQkug5tDGeRqBPaX109wGhOuMUNK9VxHaD9DUlPMyKTkpYoIhEdoQHoGOYqJ8rPZ/RN4apw+jBJpHtdw5v6eyFCs1DgOTWeM9FAt1qbmf7VeqqNrP6NcpJpwPF8UpQzqBE7DgH0qCdZsbABhSc2tEA+RRFibyEomBHfxy8vQPq+6tWrt7rJcr+RxFMExOAFnwAVXoA5uQQO0AAaP4Bm8gjfryXqx3q2PeWvBymcOwR9Znz/WZJVN</latexit>

h3T , h
?
3T

<latexit sha1_base64="nAApCiOtdZkHGMWBsFl04QtP6u8=">AAAB9HicbVA9SwNBEN3zM8avqKXNYhAsJNypRMuAjUWKCOYDkjPsbeaSJXt76+5eIBz5HTYWitj6Y+z8N26SKzTxwcDjvRlm5gWSM21c99tZWV1b39jMbeW3d3b39gsHhw0dJ4pCncY8Vq2AaOBMQN0ww6ElFZAo4NAMhrdTvzkCpVksHsxYgh+RvmAho8RYyR9008tqdfLYkaBkt1B0S+4MeJl4GSmiDLVu4avTi2kSgTCUE63bniuNnxJlGOUwyXcSDZLQIelD21JBItB+Ojt6gk+t0sNhrGwJg2fq74mURFqPo8B2RsQM9KI3Ff/z2okJb/yUCZkYEHS+KEw4NjGeJoB7TAE1fGwJoYrZWzEdEEWosTnlbQje4svLpHFR8sql8v1VsXKexZFDx+gEnSEPXaMKukM1VEcUPaFn9IrenJHz4rw7H/PWFSebOUJ/4Hz+AJI2kew=</latexit>

h?
3LL

See S. Kumano’s slides, Sep. 23, 2:00 pm
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Structure functions in terms of partonic functions

quark-quark fragmentation correlator:

The final-state hadron is unpolarized

twist-2 

twist-3

TMD PDFs TMD FFs

2

4
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Structure functions in terms of partonic functions

n Quark-gluon-quark correlators

quark-gluon-quark correlator:

plus-component：

transverse component：

twist-3

Under the constraint of parity conservation
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Structure functions in terms of partonic functions

QCD equation of motion：

The relations between the twist-2 and twist-3 functions：

T-even T-odd

Each of the TMD PDFs defined by quark-quark correlator have the corresponding relations.
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Structure functions in terms of partonic functions

n Results for structure functions

Up to twist-3, we have 21 nonzero structure functions:

…

: the direction of the transverse momentum

• In the parton model, SLL-dependent structure functions “=” unpolarized structure functions  
• twist-2: even number of  𝜙h, 𝜙LT, 𝜙TT twist-3: odd number of  𝜙h, 𝜙LT, 𝜙TT
• nonvanishing structure functions study the tensor-polarized TMD PDFs
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Structure functions in terms of partonic functions

Inclusive DIS:
twist-2 

twist-3

Extract tensor-polarized collinear PDFs

Ph⊥ integrated SIDIS:
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Summary

Thank you!

• We express the tensor-polarized part of the SIDIS cross section in terms of 23 structure functions. 

• In the parton model, we compute the structure functions up to the subleading power in 1/Q (twist-3).

The 21 structure functions have nontrivial expressions in SIDIS.

Only two structure functions contribute to the cross section in inclusive DIS.

• Upcoming experiments, such as those at JLab using tensor-polarized deuteron targets, will facilitate 
measurements, enhancing our understanding of nucleon spin dynamics and potential novel nuclear 
phenomena.
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Back up
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W. Cosyn, B. R. Tomei, A. Sosa, and A. Zec, Eur. Phys. J. A 61, 83 (2025).

P. Hoodbhoy, R. L. Jaffe, and A. Manohar, Nucl. Phys. B 312, 571 (1989).

Cross section in terms of structure functions

The relations between these two sets of structure functions:
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Structure functions in terms of partonic functions

QCD equation of motion

where we use the relations
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Structure functions in terms of partonic functions
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Structure functions in terms of partonic functions

21 nonzero structure functions:
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Structure functions in terms of partonic functions
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Structure functions in terms of partonic functions


